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INTRODUCTION 
Eversince the science of limnalDgy started it was 
an endure of 1imnologists and fishery biologists to work out 
the production potentiality of aquatic ecosystems in 
different trophic levels. Primary production is the first 
link in the trophic chain in which solar energy is trapped 
and converted into chemical energy. Knowledge of primary 
productivity permits better understanding of trophic nature 
of the water body and aquatic community hence categorise the 
water bodies according to production potentiality as 
oligotrophic, sutrophic, mesotrophic and dystrophic. 
India is rich in freshwater bodies which 
constitute about 4.2 million hectares. This includes lakes, 
rivers, reservoirs, tanks and ponds, etc. These water 
bodies can be used to culture aquatic animals, particularly 
fishes. But most of these water bodies are left unutilised 
or underutilised. If these water bodies ars managed 
properly, the production from these waters could 
considerably be increased. Primary production can be used 
as a better tool in management of aquatic ecosystems. 
Primary productivity has been used as potential inde;; of 
productivity for many diverse ecosystems of the world 
(Wetzel, 1966). Attempts are being made at studying 
different component and new indices of productivity of water 
bodies. The recent studies have been concentrated for a 
complete understanding of the status and interactions of the 
trophic levels in contributing to over all prductivity of 
the water body. Trophic structure of the aquatic ecosystems 
show potentiality of water bodies and hence production. A 
number of limnologists have attempted to develop indices 
from abiotic variables that would provide estimates of the 
amount of production that could be eijpected from a 
particular freshwater ecosystem. There have been several 
limnological studies to characterise the nature of the pond 
with abiotic and biotic factars< Khan and Siddiqui, 1974; 
Gupta and Sharma, 1980; Unni, 1983; Haque et. sO., , 1986) 
but primary productivity may provide a Setter 
characterisation than any other abiotic and biotic factor. 
Several investigators have attempted to correlate aoictic 
factors with fish production (Rawson, 1955; Northcote ?.; 
Larkin, 1956; Hayer, 1957; Sreenivasan, 1964a), but 
primary production provides a better correlation with fish 
production than the abiotic factors (Mc Connell, 1963; 
Sreenivasan, 1964c; Me lack, 1976; Heckey, ejb al.. , 1981). 
Aquatic ecosystems play a vital role in commercial 
fisheries. Sound ecological management is necessary to 
study their fundamental ecosystem dynamics to ensure their 
proper utilisation and conservation. Measurement of primary 
production may be used to improve the assessment af fish 
yield from tropical and temperate lakes and reservoirs 
(Sreenivasan, 1964, 1972; Melack, 1976; Almazan and Boyd, 
1978; Schroder, 1978; Curtis 1979; Tsiskerishvi11i, 1979; 
Hecky et. al_. , 1981; Liang et. al.. , 1981; Biro and 
Lajos,1982). Henderson e^ ai-, <1973) and Henderson and 
Welcomme (1974) suggested that the fish yield may increase 
as a power of function of primary productivity. A 
correlation between fish yield and primary production with 
promise for fishery management now is established for 
tropical and temperate lakes and ponds < Melack, 1976, Mc 
Connel ejb al_. , 1977 and Oglesby, 1977). Primary production 
is a better predictor of fish yield in lakes than other 
suggested relationships between yield and environmental 
variables (Liang et. al.-? 1981 and Melack, 1976). 
Primary production is also important in self 
purification of polluted water bodies. In the phytop lank ton 
rich water bodies biological o;;ygen producticn plays an 
important role in the process of self purification 
(Knopp, 196S ), 
The principle mechanism, controlling factors and 
techniques of measurement of aquatic primary production have 
been discussed in detailed by several investigators (Garder 
and Bran, 1927; Steeman-NeiIson 1952; Mc Conell, 1962; 
VoUenwider, 1969; Hammer et. aj^. , 1973; Anderson, 1974; 
Chapman et. ai.. , 1974; Olah et. al.-, 1978 ). 
Primary production is based on biochemical process of 
photosynthesis in which radiation energy is biochemically 
fixed. This involves all the higher plants, algae, cyano-
bacteria as well as other bacteria containing photosynthetic 
pigments in the water. Plants and cyanobacteria use water 
as hydrogen donor for the reduction of CO2, while sulphur 
bacteria use H2S. Photosynthesis in all cases proceed 
according to the scheme. 
nC02+2nH20 > (CH20> +nH20+2nO. 
Where H is hydrogen or proton-donating stostance 
such as H2O and H2S. The entire photosynthetic process 
cccnprises two partial reactions. 
Light reaction: 
Absorption of light energy by specific cell 
pigments and conversion of light energy into the chemical 
energy of ATP and NADPH. Thus electrons ^rs cleaved from 
-t-
water molecules and used for the reduction of NADF , 
Molecular oxyger. is produced as a byproduct. Simultaneously, 
ADP is phosphorylated to ATP. 
water + NADP + P(inorg)—> Oxygen + NADPH + H"*" + ATP 
Dark reaction: 
With NADPH and ATP as energy sources, CO2 is 
reduced with formation of glucose. Simultaneously NADPH is 
reo;;idised to NADP and ATP broken down to ADP and 
inorganic phosphate. 
CO2 + NADPH+ H"*" +ATP -> Glucose + NADP'^ +ADP+ Pdnorg;. 
In primary productivity studies, there Are three 
terms, i.e. gross primary productivity (GPP), net primary 
productivity (NPP) and community respiration. Gross primary 
proddctivity is total production i.e. production as well as 
respiration and net primary production is net production 
after respiration ( NFP = GPP - CR ). Sometimes respiration 
may exceeds gross primary production. In that case, net 
primary productivity will be negative ( Ayyappan and Gupta, 
1985 ). Generally gross primary productivity exceeds 
respiration and so the organic matter is accumulated. Net 
primary productivity can be used as an index of secondary 
productivity ( Brylinsky, 1980 ). 
Rational management of inland waters requires an 
ability to assess the primary productivity of water bodies 
and perfectly within a framework of knowledge which permits 
some estimates of future trends under changing conditions. 
To achieve this, ability, it is desirable to have a basic 
knowledge of the factors important in controlling production 
and an understanding of how they relate to one another. In 
aquatic environment, primary productivity basically depends 
on the autotrophic organisms. It is mainly controlled by 
the interaction of many factors like abiotic and biotic 
factors including nutrient status of the water body. 
Concentration of nutrients, such as nitrogen 
(Moyle, 1956; Goldman and Home, 1983, Hrbaeck, 1969) 
alkalinity and phosphorus (Moyle, 1946, Wetzel, 1983) have 
direct relationship to productivity. Brylinsky and Mann 
(1973) reported correlation between primary producion and 
total nitrogen, total phosphorus, conductivity, 
phytoplankton and chlorophyll. In Sewage fed polluted ponds, 
influence of abiotic and biotic factors, such as phosphate-
phosphorus, nitrate-nitrogen, transparency, temperature, pH 
have been studied by several investigators i Khan and 
Siddiqui, 1971; Unni, 1983; Datta ?< Choudhuri, 1984). pH, 
free carbondio;:ide and alkalinity ars also very important 
factors influencing primary productivity (Ayyappan Z< Gupta, 
1985). 
Phytoplankton primary productivity and 
chlorophy11-a biomass along with related parameters can be 
used as indices of trophic status and fisheries resource 
potential. In tropical ecosystems, these parameters have 
been investigated by Sreenivasan (1964 a 8< b, 1968, 1970, 
1972), Tailing ( 1965, 1966 a Z< b, 1975 ), Khan ?•< Siddiqui 
(1971), Ganf ( 1972, 1974 a,b ?< c, 1975 ), LemoUae ( 1973, 
1975, 1979 ), Tailing et al.. ( 1973 ), Roberts and Southall 
(1977), Melack ( 1979 a 8< b, 1980 ), Rama-Rao ( 1979 ) 
Roberts ( 1979 ) , Kananan ?< Job ( 1980 ) and Dokulil et. al. 
(1983), Ganapati ?< Sreenivasan ( 1972 ) and Dokulil et. al. 
(1982), emphasized the trophic status of man made lakes in 
Sri Lanka. Silva and Davies ( 1986 ) have showed trophic 
similarities between different types of inland waters. Khan 
Z( Zutshi (1980 b) reported interrelation between abiotic 
variables and production potential of Kashmir lakes. 
Chlorophyll concentration has been studied and its 
relationship to productivity has been assessed in number of 
ecosystems all over the world. However, only a few have 
studied the chlorophyll relationships in polluted ecosystems 
(Copeland et. aj.. , 1964; Khan ?< Siddiqui, 1971). Chlorophyl 1-a 
content is a good indicator of nutrient conditions and when 
combined with an energy related variable constitutes a good 
estimator of primary production (Brylinsky and Mann, 1979). 
Zooplankton biomass studies provide a better 
knowledge of correlation between primary production and 
secondary production. 
There are much published works on aspects of 
plankton and primary production, their seasonal variations 
and its limiting factors from India (Sreenivasan, 1963, 1964 
a,b, 1965, 1969a, 1971; Ali S< Khan 197S; Ayyappan ?< Gupta, 
1985; Comita, 1985; Khan 1986, Khan et al., 1988). However, 
much of the work was done in lakes and other freshwater 
bodies. In polluted waterbodies, productivity studies with 
respect to abiotic and biotic factors and its seasonal 
variations are scanty ( Sreenivasan, 1964 b; Khan ?< 
Siddiqui, 1971; Ali ?< Khan, 1978; Unni, 1983; Datta ?/ 
Choudhuri, 1984). 
More over almost all water bodies show much 
specificity in limnological and productivity characterstics. 
Two aquatic ecosystems seldom show similarities in 
limnological characterstics. For that purpose it is better 
to study each pond separately. In this context two polluted 
ponds were selected at Aligarh to study its production 
characterstics, limiting factors and seasonal variations. 
Aligarh is one of the important district of U.P. 
and is richly supplied with numerous ponds, rivers and 
irrigation channels. Ponds of different kinds and different 
origin are found throughout the region. Many of these ponds 
are formed by digging soil for construction of houses vet 
the larger ones made for the collection of rain water for 
irrigation. Rain is the main source of water supply for 
these ponds. There are about 500 ponds in Aligarh, out of 
which 50/C are perennial, which can be utilised for 
aquaculture, but most of them are not utilised. 
Several investigators worked on limnology of 
Aligarh freshwaters ( Khan ?< Qayyum, 1966; Khan, 1967; Khan, 
1969; Khan ?< Siddiqui, 1970, 1971, 1974; Ali ?< Khan, 1976, 
1978; Khan et al.. , 1978, 1986,1988; Khan S< Khan, 1985; Haque 
et al.. 1986, 1988; Haque, 1991). But studies on primary 
production are restricted to Khan S< Siddiqui (1971), Ali i< 
Khan (1978), and Khan et. al.. , (1988). Since works on 
polluted waters particularly on productivity is very scanty, 
it was thought desirble to study production in some polluted 
ponds of Aligarh. 
During the study, an attempt was made to 
investigate different parameters, like seasonal variations 
in phytoplanktonic primary production, phytoplankton biomass 
in terms of number as well as chlorophy11-a, zooplankton 
biomass and other abiotic parameters which influence primary 
production in two sewage fed freshwater bodies of Aligarh. 
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DESCRIPTION OF THE PONDS 
Lai Diggi Pond: 
Lai Diggi is a perennial freshwater pond i^ hich is 
about half a kilometer from the Deptartment of Zoology, 
Aligarh Muslim University. It lies towards south - east of 
the university campus (Lat.27 53'N Long. 73 04'E). It is 
a shallow eutrophic water body covering an arsa of about 1 
ha with its depth shows variations from season to season. 
In summer months the depth recorded was about 2-5 meters and 
that of monsoon was about 3.6 meters. The main source of 
water is rain water which is drained through nallahs and 
surface run off. Considerable amount of sewage from nearby 
housing colonies and cattle shed washings also enter into 
the pond. Complete absence of macrophytes was observed in 
this pond. Considerable litter is deposited in the pond 
from the trees growing on the bank of the pond. These trees 
also provide shade to the marginal areas of the pond. 
Bottom soil is black in colour containing mostly mud, 
parts of dead animal and decaying leaves. Complete absence 
of molluscs was noted in this pond. 
The water of the pond is turbid with lu;;uriant 
growth of microscopic algae, mainly Microcystis aeruqinosa. 
The main fish inhabitants are minor carps, like 
Puntius sophore and air breathing fishes, such as, H. 
fossil is. Channa spp.. CIarias batrachus ete. Water birds 
were also observed in some months, (e.g. Jal Murgi); 
10 
Kalidah Pond : 
It is a perennial fresh water pond having an area 
of about IS ha. It receives sewage from city and effluents 
from industries situated nearby. 
During summer season the area of pond decreases 
considerably due to evaporation of water. Most of the area 
is very shallow. Depth of the pond varies from 1 meter to 
2.5 meters during different months of the year. 
It is about 10 km away from the department and 
situated in the south-east of Aligarh city (Lat.27"54'30"N 
O 
Long.78"4'20"E ). It has an irregular shoreline with 
growing macorphytes. The water is blanketed with a thick 
bloom of Qsci1latoria sp. and Wicrocyst is aeruginosa. 
through out the year. 
The main source of water, apart from rain, is 
sewage coming from the residential localities of the city. 
The colour of the soil is completely black and mostly 
contained mud, dead plankton and other organisms. 
A number of fishes, inhabiting the pond, include 
air breathing fishes like (Channa spp., CIarias batrachus 
and H. fossil is ete. Carps were never caught from this pond. 
A few number of birds were recorded such as Jal murgi ?< 
Surkis Bog la etc. 
11 
The water of the pond is commonly used by the 
farmers for irrigating the agricultural fields, by washerman 
for washing clothes and for bathing, drinking of catties. 
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MATERIAL AND METHODS 
The physico-chemical, biological parameters and 
primary productivity of two perennial ponds were studied 
from February, 1988 to January, 1989. Only one station at 
each pond was selected from where water samples were 
collected monthly between 10.00 AM and 12.00 noon and 
air and water temperatures were recorded by a mercury 
thermometer graduated up to 100 C at 10.00 AM during 
sampling. 
Transparency was measured by using seechi disc. 
The depth at which secchi disc disappeared and again 
reappeared were taken and average of these tv-jo values was 
taken as transparency. Turbidity was determined with the 
help of a spectronic-20 spectrophotometer (Baush and Lomb). 
Readings were taken at 650 nm against distilled water as 
blank and readings presented in percentage transmission. 
For chemical analysis water samples were collected 
at monthly intervals. Dissolved o;;ygen,pH, free CO21 cind 
alkalinity were measured at the sites itself. Rest of the 
analyses were conducted in laboratory within 24 hrs of 
collection. Necessary precautions were followed according to 
APHA(1980). 
Dissolved oxygen analysis was made after following 
Winkler's modified method <APHA, 1980). Duplicate samples 
were taken for each analysis. Free. CO2 was determind by 
titrating 100 ml sample with N/44 NaoH using phenolphthalein 
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as an indicator. Alkalinity was estimated by titrating 100 
ml sample with 0.02 N sulphuric acid solution using 
phenolphthalein and methyl orange as indicators. From these 
readings carbonate and bicarbonate alkalinities were 
calculated. pH was determined .with the help of systronic 
portable pH meter. 
Hardness and calcium were estimated by titrating 
with 0.IM EDTA solution using murexide EST indicators. 
Chloride was estimated by titrating with 0.025 N Silver 
nitrate solution using 5X potassium chromate solution as an 
indicator. 
Inorganic Phorphorus (PO^-p) was determined by 
ammonium molybdate blue method. Silica was determined by 
ammonium molybdate yellow method and ammonia-nitrogen by 
nesslerisation method (Barnes, 1959). 
Total dissolved solids were determined after 
evaporating 100 ml of filtered water in a beaker at lOO'C. 
The weight of beaker was taken before and after evaporation 
and substracted. 
For phytoplankton, 500 ml of water was collected 
to which 5 ml of lugol's iodine was added after 24 hrs, 
the supernatent was discarded and a concentrate 
phytoplankton was obtained.Qualitative and quantitative 
analyses were made using a sedgwick-rafter cell. The results 
were then expressed in organisms per ml of water. For 
sooplankton 100 litres of water was sieved through a bolting 
silk (No. 25) plankton net. The plankton concentrate so 
obtained was preserved in 5"/. formalin. Analyses were made by 
taking sub samples on a sedgwick-rafter cell. Results were 
then expressed in organisms per liter of water sample. 
The practical performance of primary production 
measurements in natural waters is based on two conceptually 
different approaches: 
a) Measurements Are performed on isolated samples of 
natural communities. Either such isolated smapler are 
resuspended or forced in some way, ne^r the locality 
from which they have been collected i.e. in their 
natural environment ( so called in situ measurement), 
or the collected samples are exposed in the laboratory 
under artificial conditions. 
b) Measurements are performed directly in the natural 
environment i.e. on the non-isolated communities, 
taking advantage of overall community metabolism. This 
metabolism can be directed by necessary changes in 
certain factors, like D.O. pH, CO2, conductivity etc., 
during short periods. 
A third approach is indirect to productivity 
estimations. In this case, production rates are estimated 
indirectly from changes taking place during longer period in 
biomass increase, nutrient depletion, hypolimnetic O2 
consumption or CO2 accumulation, etc. 
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It is but natural that the determination based on 
indirect method ars likely to be less accurate than those 
based on direct methods and in many cases it is even 
impossible to apply indirect methods. 
The first attempt to measure the autotrophic 
production in natural water bodies was made by Gaarder and 
Gran C 1927 ) by quantitative determination of o;;yQen 
produced due to photosynthesis in flasks of light 
transmitting material and darkened vessels. This method is 
based on the principle that the total amount of arr/gen 
produced during photosynthesis by the producers is directly 
proportional to gross production. 
Later on several methods have been devised to 
measure primary production in natural bodies of water, but 
the selection of particular method depends primarily on the 
type and kind of water to be studied. 
Harvest method is the oldest method of measuring 
primary production and is still in use. This method 
determines the production change in weight of phytoplankton 
biomass over a period of time. This method is not suitable 
since changes in biomass reflect the net change resulting 
not only from production but also loss by grazing of 
invertebrates, water movements and sinking. 
Chlorophyll method is also used to determine 
primary production. This method is based on the close 
correlation which exist between the amount of chlorophyll 
15 
and the rate of photosynthesis. The estimated chlorophyll 
serves as an index of primary production. 
Another method of measuring primary production by 
using o;;ygen values is the drawing ct "diurnal OKygen 
curve". In this method oxygen values v^ ere determined round 
the clock for 24 hours. This method takes into account the 
difference between oxygen produced and used during day and 
that used ( but not produced ) during night. The 
possibility of measuring primary production in the natural 
environment in situ was outlined by Odum ( 1956 ) on the 
basis of the mathematical evaluation of daily oxygen curve. 
In a simplified manner, this method is based on only three 
times measurement of oxygen per day ( Mc Connel, 1962 ). 
Later on this method was slightly modified by Welch 
(196B). Since this modified method did not give better 
results in enriched waters, where oxygen values extremely 
fluctuate, Olah et. a2_. ( 1978 ) modified it to a seven times 
measurements of O2 psr day. 
Primary production can also be determined through 
uptake of CO2. This method is based on the assumption that 
the uptake of CO2 and synthesis of organic carbon ars 
equivalent in the equation of 6CO2 "•" 6H2O *-6'^ 12'-'6 "^  6O0. 
Here, measurement of CO2 represents production of organic 
matter. 
Another direct method of determining primary 
production in water bodies was achieved by using radio-
17 
active carbon ( Steeman and Nielsen, 1951, 1952 ). This is 
the most sensitive way of measuring primary production and 
14 it involves adding a known amount of C and determining the 
amount of radio isotopes fixed in known amount of 
phytoplankton within a specified time. This method requires 
special equipment and training in handling isotopes. As well 
this method is the source of errors, since the measurements 
are performed in a peculiar artificial environment inside 
the bottles. These errors can be particularly misleading if 
this method is used in eutrophic waters and fish ponds 
(Kable, 1972; Hammer et. ai.. , 1973, and Anderson, 1974 ). 
Though there are some objections but light and 
dark bottle method of Gaarder and Gran still enjoys a wide 
acceptance among limnologists because of of its simpleness 
and duplicity. Here in the present investigations we have 
selected dark and light bottle method was used to estimate 
primary production because of its simplicity and easy 
operation. 
In this method the samples were collected from 
surface in 250 ml glass stoppered bottles. Two sets of dark 
and light bottles were suspended in the surface waters at 
10.00 A.M. Initial G;;ygen was measured at the same time At 
2.00 P.M. after 4 hrs interval, bottles were taken out and 
changes in the oxygen concentrations were determined. Gross 
primary productivity was measured by deducting the oxygen 
concentration of dark bottle from that of light bottle. The 
net primary productivity was measured by deducting initial lb 
oxygen concentration from that of light bottle while the 
community respiration was measured by determining the 
difference between gross primary productivity and net 
primary productivity. The carbon values were then obtained 
from the oxygen values by multiplying with a factor 0.375 as 
given by Sreenivasan (1964). 
For chlorophyl1-a 100 ml of water sample was 
collected from surface of the pond and filtered through a 
Whatman filter paper (No. 41) chlorophyll was extracted with 
90"'. acetone and optical densities were noted at 750, 665, 
645, 630 nm. The calculations were made as follows. 
Chlorophyll-a (mg/1) = 1.64 (0D665) - 2.16 (0D645) 
+ 0.1 (0D630); 0D665, 0D645, and 0D630 are substracted from 
0D750 which serves as a factor for turbidity (APHA, 1980). 
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RESULTS 
Physico-chemical characteristics of ponds Kalidah and Lai 
Diggi: 
Both receive sewage from the surrounding. The 
former one also receives Vanaspati oil mill's effluent. 
Studies were made from February, 1988 to Jannary, 1989 and 
the data are reported in Table I. The data on productivity 
and biological characteristics have been represented in 
Table II - IV. 
Air temperature was found to be minimum (1S"C) in 
the month of December, 1988 and maximum(36'C) in the month 
of May, 1988, There were wide fluctuations in temperature-
It varied from 19.5 to 33.0'C in the Lai Diggi and 13.0 to 
36.0"C in Kalidah ponds. Water temperature showed wide 
fluctuations, in both the ponds. It was minimum (17''C) in 
December, 1988 and ma;;imum <30 C) in June, 1988 in the pond 
Lai Diggi while in the pond Kalidah, it ranged between 
16.0*""'c to 32.0*^0. 
Dissolved oxygen varied widely in both the ponds 
ranging from 4.0 to 11.4 mg/1 in Lai Diggi and 6.2 to 9.2 
mg/l in Kalidah pond. The minimum concentration was recorded 
in Lai Diggi in the month of May, 1988, whereas in Kalidah 
pond it was in the month of June, 1988. The maximum value 
was reached in the month of January, 1989 in Lai Diggi and 
in September, 1988 in Kalidah pond. 
Transparency, turbidity and total dissolved solids 
also showed seasonal variations. In Lai Diggi pond, 
transparency showed a minimum value of (23 cm) in the month 
of June, 1938 and maximum (63 cm) in October, 1988, while in 
Kalidah pond, it varied between 3 cm (September, 1999) and 
42 cm (August, 1988). Turbidity showed its minimum (72%) in 
June, 1988 and maximum (947.) in October in pond Lai Diggi, 
whereas in Kalidah pond it ranged between 45% (September) 
and 87% (August). The total dissolved solids showed 
variations from 200 to 470 mg/1 in the pond Lai Diggi. The 
minimum was recorded in February, 1988 and September, 1936 
and maximum in December, 1983. In pond Kalidah, it varied 
from 200 to 650 mg/1 touching a minimum in February, 1988 
and maximum in May, 1988. 
The pH plays a very important role in aquatic 
ecosystem. Always an alkaline pH is favourable for 
zooplankton development and fish production. In the presenb 
study, Lai Diggi pond showed a minimum pH of 7.95 and 
maximum as 8.8 whereas in Kalidah pond it ranged between 
7.85 to 9.27. The minimum value in Lai Diggi was recorded in 
the month of February, 1988 and maximum in April, 1988 while 
in Kalidah pond it was minimum in December, and maximum in 
September, 1988. 
Alkalinity plays a major role in aquatic 
ecosystems. Alkalinity, in the form of total carbonates 
and bicarbonates were estimated during the present 
investigations. Both carbonates and bicarbonates were 
recorded in very high amounts and showed great seasonal 
variation. In pond Lai Diggi, HCO3 varied from 100 mg/'l in 
the month of July, 1938 to 600 mg/1 in the month of October, 
1988, while in pond Kalidah it varies from 115 mg/1 in the 
month of July, 1988 to 1330 mg/1 in the month of December, 
1988. In both the ponds, minimum values were recorded in the 
month of July but peak in different months. 
Carbonates are always present in such water where 
there is no CO2. In the present study, it was always found 
in high quantities with slight variations. In the ponds Lai 
Diggi and Kalidah it varies from nil to 375 mg/1 and nil to 
280 mg/1 respectively. 
Carbondia;;ide is virtually absent in both the pond 
except in few months. In Lai Diggi pond, it was observed in 
the month of February, September and October, 1988, whereas 
in Kalidah it was only detected in December, 1988. 
Calcium is one of the important minor element 
which involves in photosynthesis and thus in primary 
production. It showed variations from 240 mg/1 in November, 
1988 to 75 mg/1 in February, 1988 in pond Kalidah. In pond 
Lai Diggi, the calcium values varied from 16 mg/1 in July to 
80 mg/1 in December, 1988. Both the ponds showed a steady 
decline of calcium values in the month of July. 
Hardness which is also an important characteristic 
feature of water, is mainly due to calcium and magnesium. 
Slightly hard water is considered good for fish culture. But 
polluted waters always contain higher values of hardness. 
Here, in the present investigations, both the ponds showed 
high values of hardness. In pond Lai Diggi it varied from 76 
mg/1 in July to 410 mg/1 in May, 1988 and in pond Kalidah, 
it ranged between 102 mg/1 in July to 4S0 mg/1 in January, 
1989. In both the ponds minimum values were observed in 
July. 
As far as polluted waters are concerned, chloride 
is one of the important factor. It is important to algae as 
a micronutrient. The present investigations showed 
relatively little variation in chloride values in Lai Diqqi 
pond, whereas wide fluctuations were noted in the pond 
Kalidah. In the former pond it varied from 34 mg/1 in July 
to 142 mg/1 in April. In Kalidah, it showed variations from 
98 mg/1 in July to 469 mg/1 in May, 1988 and January, 1989. 
Kalidah showed a higher content of chloride than that of Lai 
Diggi pond. Both the ponds showed a decline in the month of 
July. 
Nutrients: 
Nutrients are most important factors in the growth 
of algae. Here an attempt was made to study the general 
relationship between nutrients and primary productivity. 
Three main nutrients were taken into consideration i.e. 
ammonia-nitrogen, which is the most available form for 
algae, phosphate-phosphorus, another limiting factor for 
primary productivity, and silica which is very important for 2 3 
diatom populations. 
NH3 - N : 
* It showed wide fluctuations in both the ponds, 
relatively more in pond Kalidah. In pond Lai Diggi, it 
varied from 0.299 mq/l in May to 0.496 mg/l in September. 
There was a steady increase in NH3 - N values from the month 
of July to the month of September. In pond Kalidah, NH-r - N 
varied from 0.080 mg/l in August to 1.005 mg/l in February 
showing very wide fluctuations. From February it starts 
declining till the month of August, where minimum value was 
observed. It then slowly increased. In October there was 
steady increase in the concentration of NH3 - N , then again 
a decline was noted in December and an increase was recorded 
in January, 1989. 
PO4 - P : 
Very wide fluctuations were noted in F'D4 -P 
concentration in Kalidah pond whereas in pond Lai Diggi it 
was less extended. The Lai Diggi pond showed variations from 
0.184 mg/l in October to 0.679 mg/l in March. It showed a 
declining trend from the month of March onwards during the 
period of investigations. In Kalidah pond PO4 - P 
concentration was found to vary from 1.195 mg/l in February 
to 20 mg/l in November. A steady increase was recorded in 
February then it showed fluctuations of decrease and 
increase during different months of investigations. 
Si02 - Si : 
Silica,the main constituent for the development of 
diatoms, was recorded throughout the study period. Lai Digqi 
showed lesser fluctuations in amounts of silica than the 
pond Kalidah. In Lai Diggi it varied from 0.360 mg/l in 
November to 0.824 mg/l in June, whereas in pond Kalidah, it 
was observed to vary from 0.28 mg/l in October to 1.077 mg/l 
in June. Wide fluctuations were noted in Kalidah pond in 
silica content showing a decline from the months of June to 
August followed by an increase upto November. 
Primary Productivity : 
Primary productivity is the basis of an ecosystem. 
Seasonal variations in primary productivity were 
investigated. In the present investigations, pond Lai Diggi 
was found to be less productive than the pond Kalidah. Two 
peaks in productivity values were obtained in both the 
ponds. In pond Lai Diggi, gross primary productivity 
values varied from 0.5 g C/m"'/hr in February to 1.164 
gC/m'"'/hr in May. The other peak was observed in August 
(1.126 gC/m"'/hr) . The seasonal variations were quiet clea-^ 
showing increase and decrease during different months of the 
study. Pond Kalidah was found to be highly productive. 
Though there were two peaks in the production level, one was 
very high than the other one. The first peak was observed in 
May and second in September which is the highest peak. 
GPP values were found to vary from 1.65 gC/m'"'/hr in Feorustry 
to 3.275 gC/m'^/hr. There was a remarkable increase from June 
to August and then a decline was noticed in December. 
Net primary productivity values showed the same 
trend, as that of gross primary productivity, in both the 
ponds. In Lai Diggi pond it varied from 0.404 qC/m'"'/hr 
(February) to 0.SS2 gC/m"'7hr (April). In pond Kalidah, it 
was found to vary from 1.410 to 2.91 gC/m"'/hr. Very little 
fluctuations were noted in community respiration in both the 
ponds. In pond Lai Diggi, community respiration varied from 
0.075 to 0,344 gC/m'"7hr and that of Kalidah it was 0.187 to 
0.375 gC/m""'/hr. 
Phytoplankton biomass : 
Phytoplankton standing crop and chlorophyll were 
investigated. Both phytoplankton and chlorophyll were found 
showing bimodal type of distribution with first peak in May 
(Kalidah), April (Lai Diggi) and second in September 
(Kalidah) and August (Lai Diggi). In pond Lai Diggi, 
phytoplankton population varied from 1889/ml in May to 
27.69/ml in April, 1988 April. Whereas in pond Kalidah it 
varied from 1540/ml (January) to 2883/ml (September). 
Variations in phytoplankton population in both the ponds 
were found to be remarkable. In pond Lai Diggi, 
phytoplankton standing crop showed an increase in the month 
of March and April. Then a steady decline was noticed 
followed by an increase that continued upto August. In pond 
Kalidah , phytoplankton population showed greater quantities 
upto May with a sudden decline afterwards followed by an 
increase in the months of August and September. 
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Altogether 44 Spp. of phytoplankton were observed 
in Lai Diggi and in Kalidah pond. Almost permanent blooms of 
Qsci1latoria (except in December and January) and 
Microcystis were noted throughout the year in pond Kalidah. 
As a whole members of blue-green algae were found dominating 
members of other groups of algae throughout the 
investigations. In Lai Diggi too, there was a permanent 
bloom of Microcystis except in winter months (but with 
appreciable quantities). In Lai Diggi, Diatoms were present 
in enough quantities in the months of March, April ?< Msy, 
whereas in the remaining months dominance was showed by 
blue-green algae. 
Chlorophyll, which is an index of productivity, 
manifest wide fluctuations in both the ponds exhibiting 
almost the same trend as that of phytoplankton. In pond Lai 
Diggi, it varied from 2.0S3 mg/1 in February to 3.S84 mq/1 
in April, showing first peak in April and the second peak in 
August. In the case of Kalidah pond, it was found to vary 
from 2.772 mg/1 in January to 5.706 mg/1 in May. In Lai 
Diggi like phytoplankton, chlorophyll also showed a steady 
increase in the months of March and April followed by a 
steady decline and then a slow increase upto August. In 
Kalidah pond, it showed a steady increase in the month of 
March and then a sharp decline followed by an increase in 
the month of September. 
Zooplankton : 
Zooplankton population were also analysed to 
establish a relationship between zooplankton and primary 
productivity. Major groups were identified and tabulated in 
Table V. Periodicity of total population was noted showing 
that zooplankton were minimum in the month of December 
(winter) and maximum in July (summer) in pond Kalidah, 
whereas in Lai Diggi the minimum quantities were recorded in 
April and maximum in September. In Kalidah pond plankton 
showed a steady increase and then a decline after July while 
in Lai Diggi it showed a steady increase in the months of 
July and August and then a decline in the months of 
September and October. 
Total 23 species of zooplankton were identified 
under 16 genera, in both the ponds. The main groups were 
rotifera, cladocera and copepoda. In Kalidah pond, 
cladoceran were found to dominate from June to November, 
mainly by Ceriodaphnia sp. and Daphnia sp. All other months 
showed dominations of rotifers which include Brachionus sp. 
=^'^d Fi 1 inia sp. Also in Lai Diggi pond, cladocerans were 
found to dominate from August to December comprising mainly 
Daphnia and Ceriodaphnia. Other months showed a clear cut 
rotifer domination of Brachionus sp. 
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DISCUSSION 
Temperature : 
It is one Q'*' the important factor for biological 
productivity of aquatic ecosystem which reflects the 
intensity of the radient energy. Temperature plays a 
crucial role in physico - chemical, biological and 
physiological processes of the aquatic ecosystem. Seasonal 
variations in temperature have been illustrated in Fig I 
indicating a close relationship between air and water 
temperatures (Table III), The air temperature variations 
are mainly due to hot and cold winds during summer and 
winter respectively. 
Temperature exerts great importance in controlling 
the primary production in freshwater ecosystems. The 
dependence of photosynthesis on light and temperature 
conditions means that principally primary production takes 
place in the upper most layers of the limnetic and littoral 
zones down to a depth at which roughly l"'l of the light 
energy directly beneath the surface persists. This limiting 
value determines the level of compensation plane, beneath 
which any net productivity is no longer possible, as the 
energy requirement is greater than the energy gain. The 
water layer above the compensation level is called the 
trophogenic zones in which productivity predominates, while 
beneath it is tropholytic zone, without any net phototrophic 
production. The depth of the compensation plane, can vary 
from a few centimeters to over 30 cm and is dependent on 
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the suspended solids in a water body including phytoplankton 
themselves ( a shading effect ), as well as being a 
subject to seasonal changes. In accord with seasonal pattern 
of water temperature changes, the primary productivity in 
static water bodies is lowest in winter <Schwoerbel 1937). 
In the present study, both the ponds showed a significant 
positive correlation (Table III) between temperature and 
primary production. There Are several findings on 
temperature and primary production, some of them 
contradicting the above statement but many agree with the 
statement. 
Qasim et_ al_. (1969) did not find any relation wit-
temperature and organic production in a tropical estuary. 
The same observation was made by Datta and Choudhuri (1934 
in a sewage fed tropical pond. Datta et. al.. (1985) found a 
negative relationship between temperature and productivit. 
in a brackish water pond. High productivity was recorded ar 
higher temperature in Sagar Lake ( Adoni, 1975 ). Williams 
and Murdoch (1966) and Sreenivasan (196S) have reported hicn 
productivity at temperatures above 20 C. Sreenivassan. 
(1964), Vijayaraghavan, (1971), Ali and Khan (1973) and 
Datta et_ al_' (1984) have also reported a significant 
positive correlation between temperature and primarv 
production. 
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Transparency :-
Aquatic ecosystems exhibit seasonal variations in 
the penetration of light. Transparency of water can also he 
used as a reliable indicator of productivity 
(Steeman-Nei Isen 1957, Hutchinson, 1975 ). Light e;;erts a 
very profound influence upon the whole series of biological 
phenomena in water. 
Khan and Siddiqui (1971), Datta and Choudhuri 
(1984); Saran and Adoni (1985) have already reported inverse 
relationship between transparency and primary productivity. 
In general, the rate of photosynthesis first increases with 
light intensity,reaches a plateau, and falls again with 
further rise in intensity. 
In the present study, an inverse relationshio has 
been observed between transpftj-'ency and primary productivity 
in both the ponds but not highly significant (Table III). 
The visibility of Secchi disc under water is indeed a 
subjective quantity, but neverthless stands in a very close 
relationship with the extent of trophogenic zone. 
(Schwoerbel, 1987). High values of primary production were 
observed when the transparency values were less as also low 
values of primary production were recorded when transparency 
values were high. 
The transparency may also be affected by biota 
causing turbidity, i.e. high quantity of plankton,etc. 
Transparency may also be affected by the suspended materials 
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coming alongwith the domestic effluent, city drainage and 
from so many sources. The less significant correlation may 
be due to the allochthonous material which comes through 
drainage and alongwith surface run - off during rains. 
Turbidity :-
Turbidity was measured in terms of percent 
transmission. We observed a positive relationship between 
primary production and turbidity, the higher the turbidity 
the higher the productivity. The high productivity during 
high turbidity was mainly due to abundant plankton 
organisms, particularly phytoplankton, rather than 
allochthonous materials and other suspended materials. In 
Lai Diggi pond, the relationship was not significant while 
in Kalidah pond it was significantly related. (Table III). 
Ali and Khan (1978) have observed a decline in primary 
production when pond was subjected to turbidity. 
Dissolved Oxygen :-
It is the most essential chemical parameter in 
aquatic life. Oxygen is directly available to the aquatic 
environment from atmosphere and from the autotrophic 
organisms which release oxygen as a byproduct of 
photosynthesis. Oxygen may be reduced from the water by 
various means. Respiration is the foremost among all the 
processes involved in reducing oxygen. Dissolved Oxygen is 
also used in decomposition of mucky bottom materials and. all 
kind of organic matters. 
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In the present study, variations were found in 
dissolved oxygen concentration in both the ponds especially 
in Lai Diggi pond. A positive correlation was obtained 
between dissolved oJ-tygen and primary production, but showing 
insignificant values. It may be due to the supersaturation 
of o;;ygen in many months, which is a characteristic of 
eutrophic and hypertrophic water bodies. Vijayaraghavan 
(1971), Datta and Bandyopadhyay (1982), Datta and Choudhuri 
(1984), and Datta et. al.. (1984), have observed a strong 
positive correlation between primary production and 
dissovled oxygen. 
pH :-
It is well known that an important means of 
understanding the chemical conditions which prevail in 
natural water bodies is through studying the hydrogen ion 
concentration. The surface waters of large aquatic 
ecosystems undergo relatively small changes in pH from 
season to season. Special circumstances surrounding smaller 
aquatic ecosystems may impose changes of greater magnitude 
but in the larger lakes the hydrogen ion concentration of 
the epilimnion often remain uniform throughout the year. 
Increased rain fall sometimes brings striking changes in pH. 
In the present study, it was observed that 
seasonal variations in the pH were of little importance in 
both the ponds (Table III). A positive correlation was 
established between pH and primary productivity in both the 
ponds.' Pond Kalidah showed a more closer relationship 
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(Table jil ) between primary productivity and pH than Lai 
Diggi pond. Saran and Adoni (1985) observed an insignificant 
inverse relationship between pH and GPP during rainy season 
and insignificant positive relation during winter months. 
Datta and Choudhuri ( 1984 ) did not observe any effect of 
pH on productivity in a sewage fed impoundment near 
Calcutta. Datta et. a_l.. ( 1985 ) found an insignificant 
correlation between pH and GPP in a brackish water 
impoundment. 
Ayyappan et^  al_. (1985), however, reported a 
definite effect of pH on primary production. 
Carbon Dioxide :-
Carbon dioxide enters the water partly direct from 
the atmosphere and partly from precipitation and other 
sources like largely due to infiltration through the soil as 
well as by metabolic activity of the organisms in the water. 
During aerobic decomposition of organic residues, 
carbon is mineralised to carbon dioxide while during 
anaerobic decomposition both CO2 and methane are formed. 
The CO2 dissolved in the water is partly hydrated to form 
carbonic acid ( H2 CO3 ), which is then dissociated to H 
and HCO3 . HCO3 can dissociated further to H+and ^COT; . 
In epilimnion, generally, depletion of CO2 occurs, during 
day time as more CQ2 is used up by the plants than it is 
released at night. 
In the present study, both the ponds have showed 
nil carbondio;;ide, except in few months. In pond Kalidah, it 
was only observed in the months of December. In Lai Diqgi 
pond, it was observed in February, September and October. 
Since CQ2 was absent in most of the months, it was not tried 
to determine relationship with productivity. It is a well 
established fact that CO2 is vsry essential for 
photosynthesis but Khan and Khan (1985) reported that 
absence of free CO2 in a Jheel at Aligarh has never been a 
limiting factor for photosynthesis. Sreenivasan (1930) 
pointed out that all forms of CO2 a^''e utilized on certain 
occasions. Saha and Pandit ( 19S5 ) have also observed 
absence of COn in several months of their study in many 
ponds. It may be either due to its complete consumption 
during carbon assimilation and or its complete conversion 
into carbonic acid and ultimately into stable carbonate and 
bicarbonates (Rawson, 1939). Adoni (1975) has also reported 
complete absence of CD2 in central Indian reservoir. High 
rate of photosynthesis was noted in both the ponds during 
present investigations. Absence of CO2 might be due to 
higher rate of photosynthesis in both the ponds. 
Alkalinity :-
The main contributors to alkalinity in natural 
waters are HCO3 , CO3 , and OH . In the present study 
seasonal variations were noted in CO-r and HCO-r (Fio. 
III) showing very high concentrations of COT- and HCOT~ in 
both the ponds (Table III). 
Since free CO2 was almost absent in both the 
ponds, carbonates were always present in appreciable 
quantities. The fluctuations in carbonate and bicarbonate 
alkalinity may be due to photosynthetic activity of the 
green aquatic organisms. The absence of CO2 might be 
compensated by the algae through uptake of HCO3 and CD3 
as a carbon source for photosynthesis. 
No significant relationship was obtained between 
productivity and alkalinity. In pond Kalidah, CQ3 showed a 
positive insignificant correlation (Table III) with GPP and 
NPP, while Lai Diggi pond showed negative insignificant 
correlation. HCO3 also showed an insignificant inverse 
relationship with SPP and NPP in both the ponds. Ali and 
Khan (197S) observed changes in alkalinity, specially CO3, 
corresponding with the changes in primary productivity. 
Datta and Choudhuri (1984) have reported an insignificant 
inverse relationship between primary productivity and 
alkalinity in a sewage fed pond, whereas Saran and Adoni 
(1985) reported a positive correlation between bicarbonate 
and primary productivity during rainy season and a negative 
relationship during winter months. 
Manr\( 1958 ), Wetzel, ( 19S0 ) and Adoni ( 1975) 
reported negative relationships between bicarbonate and 
productivity. Ayyappan and Gupta ( 1985 ) have suggested 
definite effect of alkalinity on primary production. 
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Calcium :-
Calcium is one of the important ions present in 
the water. Higher calcium content was observed during the 
present study throughout the year in both the ponds. Munawar 
(1970) also reported higher values of calcium in a sewage 
fed pond. 
Calcium has been found to be negatively coreiated 
with the productivity (Palmar, 1967). In pond Kalidah, 
calcium showed an insignificant inverse correlation with GPP 
and NPP (Table III). 
The calcium values were found to be least in post-
monsoon months and highest during winter months in both the 
ponds. Prasad ejb_ al,. ( 1935 ) reported same observations in 
a tropical pond. Palmar ( 1969 ) recorded a higher 
concentration of calcium in contaminated waters. 
Chloride :-
Chloride is an important ion required for the 
growth of plankton. Very high concentrations of chloride 
were detected in both the ponds. In pond Kalidah, higher 
concentration of chloride were observed in winter and summer 
months and lower concentrations were noted in monsoon 
months. At most the same trend was observed in pond Lai 
Diggi, except that no peak of chloride was noted in winter 
months. The higher levels of chloride may be due to higher 
pollution of water through sewage and animals origin. Klein 
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(1957) found a direct correlation between chloride 
concentration and pollution level, fiunawar (1970) suggested 
that higher level of chloride in water is an inde--. of 
pollution of animal origin. In present investigations, the 
ponds studied have also been observed to receive pollutants 
of animals origin. Zafar ( 1960 ); Rao (1971, 1972) and 
Prasad et. al.. (1985) have reported that chloride 
concentration was high during summer months and decreased in 
monsoon. In the present study, almost the same trend has 
been noted (Table I). Contrary to these observations, Saha 
and Pandit ( 1985 ) observed higher concentrations of 
chloride in a pond during monsoon and concluded that this 
change in abundance might be due to intensive human 
activities. 
An attempt was also made to corelate chloride and 
primary production values resulting into insignificant but 
inverse correlation ( Kalidah pond ). In Lai Diggi pond, no 
relationship could be established in between chloride and 
primary productivity. 
Hardness:-
Hardness is mainly caused by calcium and magnesium 
ions present in the ponds ( George, 1966 ). Slightly hard 
water is considered good for fish culture ( Mora and Pillay, 
1962 ). In the present study, higher values of hardness were 
noted in both the ponds. Maximum values were detected in 
winter and summer months and minimum during monsoon. 
(Table I ). A Sudden fall was found in July which may be due 
to dilution. Prasad et. al_. (1985) have reported that higher 
values of hardness were mainly due to sewage pollution. The 
ponds, under investigations, have been found to be highly 
polluted with sewage and animals shed Wastes, Moss (1973; 
also observed an increase in hardness with the increased 
eutrophication. Prasad et. al.. ( 1985 ) have reported higher 
values in summer months and lower in monsoon months. Singh 
(1979) has also reported higher values of hardness during 
summer months. Contrary to these observations, Saha and 
Pandit ( 1985 ) have reported lowest value in summer and 
higher values in January. 
Correlation between hardness and primary 
productivity was made ( Table. III). It was found to be an 
inverse relationship between hardness and GPP and NPP in 
pond Kalidah, whereas in pond Lai Diggi, it was recorded 
insignificant negative. Ayyappan and Gupta (1985) have also 
found a significant correlation between hardness and 
primary productivity. 
Total Dissolved Solids :-
Water is the universal solvent, dissolving more 
different materials than any other liquid. Erosion at shore 
line, windblown materials, inflow of surface waters, decay 
of aquatic organisms are the sources of providing a pond 
with quantities of solid materials either already in 
solution or subsequently becoming so. Drainage systems are 
the transportation avenues for the vast quantity of 
dissoloved materials, and often deliver it into lakes, 
rivers and ponds. These dissolved solids vary markedly, both 
qualitatively and quantitatively in different water bodies. 
They also vary in the same water body depending upon 
seasons, location and other factors. Most of the dissolved 
substances, common to natural waters, play a very important 
role, directly or indirectly, in the biology of aquatic 
organism. 
Disaloved solids contain different kinds of 
nutrients and have been proved to be very useful parameter 
in determining the productivity of ponds and lakes (Reid 
1981 ). Nurthcote and Larkin ( 1956 ) have described the 
importance of dissolved solids in lake waters pertaining to 
controlling the biological productivity. 
In the present study, although no significant 
correlation between total dissolved solids and GPP and hNiPP 
was found, even then they were found to be positively 
related in both the ponds. (Table III). It may be due to 
higher amounts of dissolved substances present in the water 
which might be in surplus for to control the biological 
activity. 
Nutrients, the inorganic dissolved substances, 
play very important role in the metabolism of ecosystem. 
Some of these nutrients are very much essential for the 
productivity of the ponds while most of them are required in 
minute quantities and have been reported to influence 
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primary production (Goldman, 1964, 1965 ). Hutchinson (1957) 
and Ruttner ( 1963 ) have discussed the role of nutrients m 
the biological activities of the ponds and lakes. 
Deficiency of nutrients may be expected to be one of the 
most important factors causing cessation of growth of 
phytoplankton. It is a matter of difficulty to decide in 
any given instance whether a particular nutrients is 
limiting phytoplankton growth or not. The concentration 
found in the water represents the balance between 
consumption and supply. The concentration at which a given 
nutrient becomes limiting varies according to the level of 
other factors. The important nutrients aire phosphorus, 
nitrogen and silica. 
Phosphorus: -
Phosphorus is one of the major nutrients 
responsible for the biological productivity (Hutchinson 
1967). It is present in two forms, inorganic and organic 
phosphorus. 
In the present study, the Kalidah pond was founa 
to be very rich in phosphorus content showing higher values 
of phosphorus throughout the period of investigation. In 
pond Lai Diggi, tinough not as high as in pond Kalidah, it 
was never found in amounts limiting the productivity of the 
ponds. Supply of phosphorus may be mainly due to drainage of 
sewage and, to some extent, regeneration from the mud, 
especially in post-monsoon season. The ponds were generally 
shallow, providing better opportunity for regeneration of 
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phosphorus from the bottom. Reid ( 1961 ) stated that 
generally shallow ponds and lakes have high phosphorus 
concentrations. Saha and Pandit ( 1985 ) have also observed 
very high amounts of phosphorus in a tropical shallow pond. 
Correlation analyses between PO4 and GPP and NPP 
were done showing insignificant inverse relationship. It 
may be due to the supply of simple nutrients through sewage 
that never permit the nutrients to be the limiting factors 
for primary productivity. Qasim et. al.. ( 1969 ) and Khan 
and Qayyum ( 1971 ) reported a positive significant 
correlation between phosphate phosphorus and primary 
productivity. Ali and Khan ( 1978 ), however, reported no 
relationship between phosphate-phosphorus and primary 
productivity in two ponds of Aligarh receiving sewage 
through drains. • 
NH3 - N :-
The availability of various nitrogenous compounds 
influences the variety, abundance, and nutritional value of 
various organisms. Among all forms of the nitrogen, ammonia 
is preferred form of nitrogen for plant growth. Ammonia, as 
a metabolic product of animals, provides a source of 
recycled nitrdgen for speedy growth of phytoplankton and 
stream algae, particularly blue-green algae, when other 
forms of nitrogen exhausted ( Goldman and Home, 1983 ). 
Kappers ( 1980) showed preferential utilisation of ammonia 
in a experiment, with blue-green algae. Inhibition of 
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nitrate uptake in the presence of ammonia in concentration 
of 0.5 mg and up, has also been reported by Brown and 
Thomson ( 1977 ) Kappers ( 19S0 ) observed no relationship 
between nitrate and chlorophyll, whereas a clear 
relationship was obtained between ammonia and chlorophyll. 
In the present study, higher concentrations of 
ammonia were observed in both the ponds. Hague et_ al. 
(1986) have reported very high accumulation of ammonia in a 
polluted pond. Moss ( 1973 ) and Kundra et. al,. ( 1977 ) 
have also found higher ammonia in organically enriched 
waters. 
A significant negative correlation was observed 
between ammonia and GPP and NPP in pond Kalidah, whereas in 
pond Lai Diggi it was a positive correlation but 
insignificant. In pond Kalidah, an inverse relationship may-
be due to higher consumption of ammonia by blue-green algae 
present in abundant quantities. In Lai Diggi pond, the 
apparent lack of correlation between primary productivity 
and nitrate-nitrogen is possibly due to more or less 
constant values of the ammonia throughout the year. Ali and 
Khan (197S) have reported an inverse relationship between 
primary productivity and ammonia concentration in two sewage 
fed pond. Khan and Siddiqui ( 1971 ) have also reported a 
negative correlation between ammonia-nitrogen ,and primary 
productivity. 
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Silica : -
The availability of dissolved silica has a marked 
influence on the productivity and succession of algal 
population, especially diatoms. It is one of the major 
nutrients usually occurs m moderate abundance in fresh 
waters, and required by diatoms. Since diatom require silica 
for the synthesis of their shells and since they constitute 
a very prominent and strategic group in the phytoplankton, 
the available supply of silica in the water is regarded as a 
matter of real consequences. Large growth of diatoms draw 
heavily upon the silica content, producing variations in the 
upper waters. In fact, it is claimed that the production of 
diatom is directly determined by Silica supply. Though it 
has much affinity with dis-oms, it is still to appraise 
silica as a possible limiting factor. Oceanographers tend to 
regard it as having no limi-mg effect in the sea. In inland 
waters, it varies greatlv in different waters and may vary 
even in the same water tut at different times or the 
seasons. Reduction to depletion are recorded but the 
limiting effect still seems to be obscure. Studies have been 
made on the silica content m relation to the production of 
diatoms. In lake Mandota, -Wisconsin, a certain correlation 
between silica and diatoms has been detected by Meloche et_ 
al. ( 1938 ), but since C.13 mg/1 was the minimum Silica 
content it seemed likely that silica was not a limiting 
factor. Comparing to other tropical ponds, lower 
concentration of silica was reported for both the ponds. 
Haque et. al.- < 1988 ) have also reported lower concentration 
of silica in a sewage fed polluted ponds at Aligarh. Saha 
and pandit ( 1985 ), however , have reported very high ( 9.0 
- 23.9 ppm ) silica concentration in a tropical pond. Haque 
et al. ( 1986 ) found an increase in diatoms population 
when silica concentration was less. But in the present 
study, no clear cut relationship was obtained" in both the 
ponds., Datta et_ al.. ( 1985 ) have reported an insignificant 
positive correlation between silica and primary 
productivity. 
Primary Productivity : -
Primary production is based on the bio-chemical 
process of photosynthesis in which radiation energy is bio-
chemically fixed. It basically depends on the photosynthetic 
activity of the autotrophic organisms. It is mainly 
controlled by the interaction of many factors like 
environmental and biotic the nutrient status of the water 
body. 
A very high rate of gross primary production and 
net primary production were obtained in both the ponds. It 
was very high in pond Kalidah compared to Lai Diggi pond. 
Unni (1983) observed a high rate of production (36.01 g 
02/m'^/day ) by the diurnal integrated curve method and 
45.2 g 02/m^/day by the light and dark bottle method, in a 
sewage fed fish pond. Datta et. al_. ( 1984 ) observed a high 
gross primary productivity ( 4.52 gc/m^/hr ) and net primary 
productivity ( 3.55 gc/m"'/hr ) in April. Datta and Choudhuri 
( 1984 ) have also observed higher rate of gross primary 
production ( 2,13 gc/m"'/hr ) in October in a sewage fed 
pond. Sreenivasan ( 1980 > observed 43.3 g 02/m^/day in a 
oxidation pond and 16.37 g 02'''m'"/day in a Fort moat. Khan and 
Siddiqui ( 1971 ) reported 3.225 gc/m''/4hr and 4.013 
gc/m'"'/hr in a Fort moat at Aligarh. An increase was 
recorded in primary production during post winter months 
showing minimum production in April-May (pond Kalidah) and 
April (Lai Diggi). It decreased during May and June (Lai 
Diggi) and then started increasing during monsoon and 
post-monsoon months showing maximum production in August 
and October in pond Kalidah and August - September in Lai 
Diggi pond. It can be concluded that a trimodal type of 
production pattern is prevailing in both the ponds. 
Sreenivasan (1964a) and Vijayaraghavan (1971) recorded a 
single peak in productivity where as a bimodal trend was 
observed by Goldman and Wetzel ( 1963 ) and Khan and 
Siddiqui ( 1971 ). 
Khan and Siddiqui ( 1971 ) observed high primary 
production values during post winter months (March to May). 
Ali and Khan (1978) reported higher rate of production in 
April and May and low in February and June. Sreenivasan 
(1964 ) reported higher primary production when light 
conditions were poor. Saran and Adoni ( 1985 ) reported an 
increase in productivity during late winter, reaching to 
peak levels in the late summer or early monsoon and decline 
thereafter. Higher rate of productivity may be attributed to 
bright sunshine, high temperature, low transparency, high 
phytoplankton density and blooms (Prasad and Nair, 1963; 
Sreennivasan 1964 a, 1964b, 1969; Khan and Siddiqui, 1971; 
Adoni; 1975; Purushotham and Bhatnagar, 1976; and light 
intensities might be limiting the rate of productivity 
during winter season. 
To some e;;tent Lai Diggi pond was found to ba less 
productive than Kalidah. It may be due to the shading of 
trees surounding littoral productive zone of Lai Diggi 
pond and destruction of phytoplankton because of higher 
pollution. Radhey Shyam et_ A1_. ( 1991 ) observed a decrease 
in productivity where shading of the trees present. 
Respiration : 
Slight variations were found in both the 
ponds alongwith a very low respiration rate. Saran and Adoni 
(1985 ) reported respiration values from 0.075 to 4.725, 
1.725 and 4.3 f(gc/m"7hr) in surface water during the 
summer, rainy and winter seasons respectively. Here the 
values were found to vary from 0.1S7 in winter to 0.387 in 
spring season in pond Kalidah and in Lai diggi from 0.075 in 
summer to 0.344 in autumn. 
Phytoplankton Biotnass : -
A total of 44 genera belonging to Cyanophyceae, 
Chlorophyceae, Baci1lariophyceae, Desmidiaceae and 
Euglenophyceae were found to be present in Lai Diggi pond 
and 41 genera in Kalidah pond. Members of blue-green algae 
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were recorded to be dominating over other algae groups in 
almost all the samples collected during the investigations. 
Blue-green algae are known as the indicators of pollution 
and are the dominant algal forms commonly found in eutrophic 
conditions. Therefore, dominance of blue-green algae clearly 
indicates organic pollution caused by vanaspati oil factory 
effluents and community discharge in pond Kalidah. Second 
to blue-green algae in abundance were diatoms. 
Among blue-green algae, Microcystis aeurqinosa was 
found to be the most dominant species. The second dominant 
genus was Qsci1latoria in both the ponds. The group green 
algae was mainly represented by Chlorel la, Scencdesmu.s and 
Tetraspora. Chlorella is one of the indicator of water 
pollution, mainly organic pollution. Wide fluctuations were 
observed in the quantity of green algae throughout the 
present study showing peak in post-winter months and a low 
during winter months in Lai Diggi, whereas in Kalidah it 
showed maximum production during monsoon months and minimum 
in winter months. 
Diatoms were always found to be present in 
significant numbers in total biomass of phytoplankton. In 
pond Lai Diggi, they were found to be dominated in the 
month of March. However, in other months it was second in 
dominance. Navicula. Synedra, Asterionella, and Nitzschia 
were the important genera among diatoms. In Lai Diggi pond, 
the group showed maxima during April, March and minima 
during June, December and January, while in Kalidah pond 
maxima and minima were noted during May and December -
January respectively Haq et. &l_. ( 19S0 ) observed very 
little population of diatoms in summer months in some 
derelicts water of Aligarh. 
Important genera representing desmids were 
Closterium, Cosmarium and Netrium in both the ponds. 
Comparatively, they were less in abundance than all other 
groups of algae. Wide seasonal fluctuations were observed 
throughout the period of investigations. The ma;(imum 
population of desmids was observed in the month of April and 
minimum in the month of January in Lai Diggi pond, 
whereas, in Kalidah pond, ma;;ima was observed in the month 
of September and minima in the month of January as in the 
case of Lai Diggi pond. 
The main constituents of Euglenophyceae were 
Euqlena, Phacus and Trachelomonas. Though Trachelomonas was 
abundantly found in Lai Diggi pond, it was completely absent 
in pond Kalidah. Euglena is known as one of the organic 
pollution indicators- Wide seasonal fluctuations were 
observed in the amount of euglenophytes in both the ponds. 
The quantitiy was found to vary between 40 - 508/ml during 
the period of investigations in both the ponds showing 
maxima during winter months and minima during summer months. 
In general, both the ponds show a diacmic type of 
seasonal distribution of phytoplankton. The same findings 
were reported by Khan and Siddiqui ( 1971 ) in Fort moat at 
Aligarh, In pond Kalidah, the peaks were found in the months 
of. May and September while in Lai Diggi pond, the peaks 
were found to be in the months of April and August. The 
minimum quantities were recorded during January in Kalidah 
pond and during February in Lai Diggi pond. 
Total phytoplankton showed a positive correlation 
with gross primary productivity ( p < .05 ) and net primary 
productivity ( p < ,05 ). Table ( III ). 
Chlorophyll — a : 
Phytoplankton biomass was also recorded in terms 
of chlorophyll -a and correlations were made with gross and 
net primary productivity values. Since chlorophy11-a is 
involved in photosynthesis, oxygen production per unit of 
chlorophyll is related with gross photosynthesis rather than 
net photosynthesis. 
Seasonal variations in chlorophy11-a were found 
significantly related with the gross and net primary 
production. Two peaks were found in both the ponds. In pond 
Kalidah, the peaks were found in the months of May and 
September coinciding with the higher production during that 
period, while in the case of pond Lai Diggi, the peaks were 
observed in the months of April and August when production 
was also higher than other months. In both the ponds, the 
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first peak was found in post-winter i.e. spring season and 
the other in monsoon season. Low values in the winter months 
in both the ponds may be attributed to lesser light 
intensities. Copeland e^ al_. < 1964 ) have reported that 
ma>;imum chlorophyll concentration occured during summer and 
spring, when the water was warmer and sun light was more 
intense. 
Correlation analyses were made between the gross 
and net primary production and chlorophyll concentration 
indicating a significant positive correlation in both the 
ponds (Table III). Khan and Siddiqui ( 1971 ) have also 
observed a positive correlation between gross primary 
production and chlorophyll. Correlation analyses was also 
done with total phytoplankton number and chlorophy11-a. 
Both the ponds showed a significant positive correlation 
(Table III). 
Zooplankton: -
Zooplankton biomass was recorded and correlated 
with the primary production. Altogether 15 genera were 
present in each pond belonging to 4 groups viz., rotifera, 
cladocera, copepoda and ostracoda. Apart from the eggs and 
copepode larvae ( nauplii stages) were also counted. The 
important group of zooplankton was found to be rotifera, 
constituting mainly Brachionus species viz., B. 
calve iflorus; B. anqularis; B. piicatilis ; B. rubens; B. 
bidentata ; B. forficula and B. quadridentata. copepods were 
represented by Mesocyclops sp. constituting a sizeable 
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amount of zooplankton biomass. 
The group showed very irregular fluctuations, 
being ma;!imum in September, 1988 and minimum in April in the 
case of pond Lai Diggi, whereas in the case of Kalidah pond, 
the maximum number was noticed during July and minimum 
during February, December 1988 and January, 1989. 
Correlation coefficient was also computed between 
primary productivity and sooplankton biomass. In pond 
Kalidah, it was found to be significantly positive 
relationship between gross and net primary production with 
zooplankton biomass, whereas in the pond Kalidah, the 
relationship was insignificant. (Table III ). In Lai diggi 
pond, higher quantities of Zooplankton were seemed to be 
mainly due to higher quantities of detritus and other 
allochthonous organic matter on which the group mainly feed. 
Correlation analysis was also done with phytoplankton. The 
positive relationship between phytoplankton and zooplankton 
indicates that phytoplankton play an important role in the 
production of zooplankton. 
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SUMMARY 
An investiqation was conducted to study the acute 
environmental stress that pollutants eKecercise their 
influence and magnitude in the ponds Lai Diggi and Kalidah 
of Aligarh region with varying physico-chemical and 
biological properties. Significant correlations were noted 
between the monthly means of air and water temperature. 
Dissolved oxygen which provides the key information 
about the aquatic environment was found to vary from 4.0 to 
11.4 mg/1 in Lai Diggi and 6.2 to 9.2 mg/1 in Kalidah 
ponds. Water temperature showed wide fluctuations in both 
the ponds. 
Transparency, turbidity and total dissolved solids also 
showed variations. 
In both the ponds minimum values of alkalinity in the 
form of carbonates and bicarbonates were recorded in the 
month of July but peak in different months. 
Hardness which is also an important characteristic 
feature of water and considered good for aquaculture, is 
mainly due to calcium and magnesium. Here, in the present 
investigation, both the ponds showed high values of 
hardness. Chloride is an important factor to algae as a 
micro-nutrient. The present investigations showed relatively 
little variation in chloride values in Lai Diggi pond, 
whereas wide fluctuations were noted in the pond Kalidah. 
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An attempt was also made to study the aenerai 
relationship between nutrients and primary productivity. 
Both the ponds showed significant positive correlations 
between temperature and primary production- An inverse 
relationship was observed between transparency and primary 
productivity in both the ponds.The high productivity during 
high turbidity was mainly due to abundant plankton 
organisms, particularly phytoplankton, rather that 
allochthonous materials and other suspended materials. 
Seasonal variations in the pH were of little importance in 
both the ponds. 
High rate of photosynthesis was noted in both the 
ponds. Although no significant correlation between total 
dissolved solids and GPP and NPP was found, even then they 
were found to be positively related in both the ponds. 
The positive relationship between phytoplankton and 
zooplankton indicates that phytoplankton play an impcrtanr 
role in the production of zooplankton. 
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i I I ' i...f-
I t I I 
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July 130.0 128.0 124.0 175.0 
August 131.0 129.0 131.0 180.0 
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Novenber 120.0 118.5 138.0 184.0 
Oecenber 119.0 117.0 147.0 188.0 
January,89 122.0 119.0 149.0 190.0 
1 pH 1 
1 7.95 
1 8.29 
1 8.80 
1 8.30 
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1 8.50 
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1 8.00 
1 8.28 
1 8.30 
1 8.45 
1 8.50 
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4.0 
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64 
88 
1 85 
1 110 
1 99 
1 108 
Har-
dness! 
PP« 
472 
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TABLE II 
Priaary Productivity and BioMSS (KALIDAH) 
1988 FEB 
im 
APR 
HAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 
1989 JAN 
6EP 
oC/B /hr 
1.65 
1.931 
2.325 
2.438 
1.838 
1.950 
2.519 
3.275 
2.270 
1.828 
1.680 
1 1.850 
NPP 
1.425 3 
1.744 
1.938 
2.119 
1.510 
1.575 
2.181 
2.910 
1.969 
1.610 
. 1.410 
. 1.560 
CR 
0 .225 
0.187 
0.387 
. 0.319 
! 0.328 
' 0.375 
! 0.338 
i 0.365 
! 0.301 
! 0.218 
1 0.270 
I 0.290 
CHLOROPHYLL 
ag/1 
2.990 
3.358 
3.398 
5.706 
3.094 
3.107 
3.176 
5.379 
3.360 
3.234 
2.879 
2.772 
PHYTOPLANKTON 
(no/il) 
1596 
1932 
2072 
2270 
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\ 
ZOOPLANKTO^I 
(no/I) ! 
243 ! 
285 ! 
520 1 
532 ! 
477 1 
682 ! 
669 i 
635 ! 
496 ! 
328 1 
237 ! 
1 243 I 
TABLE II 
PrlMary Productivity and BioMSsCLAL DI66I) 
1988 FEB 
HAR 
APR 
MAY 
JUN 
JUL 
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SEP 
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NOV 
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1989 m 
oC/a /hr 
0.507 
0.562 
1.164 
0.619 
0.732 
0.704 
1.126 
0.957 
0.591 
0.619 
0.694 
. 0.750 
NPP 
0.404 
0.412 
0.882 
0.469 
0.657 
0.522 
0.782 
0.770 
0.431 
0.475 
0.556 
0.637 
CR 
0.103 
0.150 
0.282 
0.150 
0.075 
0.182 
0.344 
0.187 
0.160 
0.144 
0,138 
0.113 
CHOROPHYLL 
ao/ l 
2.083 
2.134 
3.884 
2.242 
2.582 
2.213 
3.565 
3.481 
3.033 
3.185 
3.202 
3.295 
PHYTOPLANKTON 
(no/al) 
1910 
1935 
2769 
1889 
1970 
2007 
2408 
2341 
2145 
2040 
2110 
2169 
ZOQPLA a^<T(»ll 
(no/1) 1 
683 
452 1 
333 1 
404 1 
555 
467 
an 
991 ; 
534 
663 i 
791 
435 
TABLE I I I 
CORRELATION MALITSES OF VARIOUS P«»»rETERS 
KALIDW 
Air Teop. 
Hater Teap. 
Trans. 
Turb. 
PH 
DO 
CO3 
HC0PV3P'/ 
Calciui 
Hardness 
T.S. 
NH3-N 
PO4-P 
Sil ica 
Chloride 
GPP 
NPP 
Chlorophyll' 
Phytoplanktor 
LA.OIGGI 
Air TeK. 
Hater Teop 
Trans. 
Turb. 
pH 
DO 
CO3 
HCO3 
CalciuA 
Hardness 
T.S. 
NHj-N 
PO4-P 
Sil ica 
Chloride 
GPP 
liPP 
Chlorophyll 
GPP 
r 
0.639 
0.609 
-0.450 
-0.621 
0.606 
0.379 
0.148 
-0.493 
-0.268 
-0.413 
0.214 
-0.672 
-0.092 
-0.244 
-0.440 
-
0.992 
0.754 
1 0.856 
0.608 
0.584 
-0.411 
-0.395 
0.580 
0.430 
-0.175 
-0.360 
-0.160 
-0.171 
0.252 
0.292 
-0.131 
-0.022 
-0.007 
-
0.962 
0.780 
NPP 
r 
0.575 
0.542 
-0.461 
-0.629 
0.566 
0.445 
0J31 
0.454 
-0.241 
-0.385 
0.140 
-0.615 
-0.028 
-0.259 
-0.425 
0.992 
-
0.768 
0.867 
0.591 
0.565 
-0.413 
-0.416 
0.530 
0.433 
-0.154 
-0.312 
-0.117 
-0.049 
0.349 
0.250 
-0.158 
-0.0002 
-0.129 
0.962 
-
0.778 
CR 
r 
0.758 
0.761 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Chi 
r 
0.573 
0.525 
-0.667 
-0.700 
0.199 
0.203 
0.142 
-0.281 
-
-0.111 
0.252 
-0.443 
-0.138 
-0.013 
-0.073 
0.754 
0.768 
-
0.885 
0.170 
0.120 
-0-012 
0.018 
0.462 
0.691 
0.117 
0.223 
0.122 
-0.105 
0.192 
0.521 
-0.465 
-0.570 
0.148 
0.780 
0.778 
-
Phyto 
r 
0.634 
0.572 
-0.651 
0.730 
0.306 
0.325 
0.231 
-0.313 
-0.024 
-0.222 
0.425 
-0.588 
0.076 
-0.048 
-0.197 
0.856 
0.867 
0.8K 
-
0.429 
0.367 
-0.143 
-0.135 
0.560 
0.531 
-0.097 
-0.069 
0.051 
-0.071 
0.205 
0.578 
-0.120 
-0.270 
0.134 
0.906 
0.861 
0.870 
Zoo 
r 
-
0.897 
-
-
-
-
-
-
-
-
-
-
-
-
-
0.702 
0.636 
0.548 
0.548 
-0.232 
-0.147 
0.375 
0.354 
-0.598 
-0.299 
-0.152 
0.150 
-0.221 
-0.322 
-0.207 
0.293 
-0.428 
-0.376 
-0.175 
0.025 
0.074 
0.204 
TABLE IV 
DISTRIBUTIC»4 OF VARIOUS Sim>S OF PHYTCRANKTON IN THE PONDS m . / a U 
KALIDAH LAL0I66I 
FEB 
flAR 
AFfi 
HAY 
JUN 
JUL 
AUG 
SEP 
OCT 
IWV 
DEC 
JAN 
g3A 6A DIA DE3 EUS 
458 
535 
574 
718 
580 
645 
438 
850 
753 
685 
594 
347 
520 
545 
619 
475 
568 
752 
613 
570 
510 
468 
446 
491 
501 
582 
417 
320 
326 
479 
335 
322 
288 
204 
184 
248 
197 
182 
146 
2-06 
292 
173 
158 
141 
280 
212 
204 
154 
53 
40 
101 
149 
154 
130 
100 
569 476 284 127 84 
TOTAL 
1596 
193 
2072 
2270 
1707 
1719 
1823 
2383 
1985 
1805 
1601 
1540 
BGA GA DIA DE3 EU6 
783 133 426 290 278 
912 522 612 305 354 i 
804 251 332 205 297 
847 431 309 256 127 
846 379 335 265 182 
961 272 471 299 404 
1005 186 492 239 339 
921 160 426 214 424 
831 350 398 188 273 
828 420 318 244 300 
808 380 286 187 508 
TOTAL 
1910 
510 262 650 253 265 i 1935 
1889 
1970 
2007 
24(J8 
2341 
2145 
2040 
2110 
2169 
TABLE V 
ABUNDANCE OF VARIOUS GROUPS OF ZOOPLANKTON IN THE PONDS (No./I) 
Month 
FEB i 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
pond 
L ! 
K 
L 
K 
L 1 
K 
L 
K 
L 
! K 
L 
K 
L 
! K 
! L 
K 
L 
1 K 
Rotifers 
314 1 
160 
178 
167 
143 
178 
176 
155 
214 
' 90 
94 
118 
85 
1 105 
! 381 
55 
163 
! 50 
Copepods 
141 
18 
102 
34 
80 
73 
51 
94 
52 
! 72 
I 99 
79 
165 
1 129 
1 262 
107 
121 
! 120 
Cladocerans 
12 
11 
35 
-
112 
32 
126 
57 
163 
' 96 
356 
272 
! 330 
1 234 
393 
146 
! 290 
E Q Q S S'. 
Naup1i i 
216 
54 
172 
49 
110 
157 
145 
157 
152 
1 180 
129 
100 
1 105 
114 
81 
104 
I 36 
Total 
683 
243 
452 
265 
520 
404 
555 
477 
469 
682 
622 
669 
991 
636 
534 
1 496 
NOV I L 1 114 1 98 1 233 ! 218 1 663 
! K 1 43 ! 97 ! 161 ! 27 ! 328 
DEC 1 L ! 254 ! 160 1 157 ! 220 1 791 
1 K I 44 ! 67 ! 71 ! 55 1 237 
JAN I L 1 110 1 70 ! 102 1 153 ! 435 
I K 1 54 ! 122 ! 26 I 41 I 243 
L= Lai Diggi K= Kalidah 
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contents in the ponds. 
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